Wet ashing was used to study the occurrence of silica bodies in the fern family Pteridaceae. They were recovered in 48 of the 77 species examined. Silica bodies of Pteridaceae are elongate, ranging from 90-1320 ¥ 5-40 mm, linear to elliptic, with blunt or acute apices and smooth to sinuate sides. All previous records of silica bodies and venuloid idioblasts among Pteridaceae that were examined were confirmed by the results of this study, corroborating our assumptions regarding the presence of silica bodies. In contrast, assumptions regarding the absence of silica bodies were incorrect; in many species of Adiantum, for example, silica bodies are present but cannot be seen with the naked eye. Farris optimization demonstrates that the distribution of epidermal silica bodies is homoplastic within Pteridaceae, but that they act as a potential synapomorphies for several different groups within the family. These include the adiantoid clade: Adiantum and the 11 vittaroid genera, and in some pteridoid fern clades such as the sister pair Onychium and Actiniopteris and the genus Pityrogramma. They are also present in Pterozonium brevifrons and some species of the polyphyletic genus Pteris. Among cheilanthoid ferns, they were found in Mildella intramarginalis and two species of Aspidotis. Morphology of silica bodies differs between major lineages, reflecting their independent origins.
INTRODUCTION
Silica (SiO2-nH2O) can be deposited throughout the shoot and root systems of plants, sometimes in large quantities (Kaufman et al., 1981; Hodson et al., 2005; Piperno, 2006) . Plant silica has been demonstrated to occur within and upon epidermal cell walls (Davis, 1987) and as discrete isotropic cellular inclusions usually referred to as phytoliths or silica bodies. Silica bodies are known to occur at least sporadically within all major groups of vascular plants (Piperno, 1988 (Piperno, , 2006 , but have been most intensively studied in the monocotyledons where they occur within commelinids and Orchidaceae (Prychid, Rudall & Gregory, 2004) . Epidermal silica bodies have proved useful for diagnostic and systematic purposes in monocotyledons (Dahlgren & Clifford, 1982; Prychid et al., 2004 and citations therein) but remain to be studied in many other groups. Silica bodies are evaluated here as a systematic character in the fern family Pteridaceae.
Taxonomically diagnostic silica bodies have been reported in the following ferns and lycophytes: Selaginella P.Beauv. (Gibson, 1893; Bienfait & Waterkeyn, 1974; Piperno, 1988) , Isoëtes L. (Iriarte & Alonso Paz, 2009 ) Equisetum L. (Kaufman et al., 1971) , Marattiaceae (Rolleri, 2002 , Lavalle, 2005 2007) , Trichomanes L. (Mettenius, 1864; Piperno, 2006) , Anemia Sw. (Ribeiro et al., 2007) and Pteridaceae. The latter have a high incidence of epidermal silica bodies. Their presence has been cited as a synapomorphy for the vittarioid ferns (Stevenson & Loconte, 1996) , but no systematic survey of their distribution has been conducted for either the vittarioids or Pteridaceae. Within Pteridaceae, silica bodies have been reported from Afropteris Alston (Tryon, genera (often treated as Vittariaceae), including Ananthacorus Underw. & Maxon, Anetium Splitg., Antrophyum Kaulf., Haplopteris C.Presl, Hecistopteris J.Sm., Monogramma Comm. ex Schkuhr, Polytaenium Desv., Radiovittaria (Benedict) E.H.Crane, Rheopteris Alston, Scoliosorus T.Moore and Vittaria Sm. (Poirault, 1893; von Goebel, 1896; Benedict, 1911; von Goebel, 1924; Williams, 1927; Bower, 1928; Ogura, 1972; Chandra, 1976; Kramer, 1990) .
Several other authors have also reported thickened epidermal cells within Pteridaceae that may in fact be silica bodies, but they were not identified as such at the time. For example, Nayar (1962) illustrated 'thickened epidermal' cells in nine species of Adiantum and Wagner (1978) described 'venuloid idioblasts' from the epidermis of eight species of Pteris. Anatomical work has been carried out by Graçano, Azevedo & Prado (2001) who identified 'idioblasts' in two species of Pteris and 12 species of Adiantum using cleared leaves and thin sections to determine the position of idioblasts within the leaf tissue. Following the terminology of Wagner (1978) , the visibility of elongate epidermal idioblasts has been used as a taxonomic character to distinguish species in Adiantum (Moran, Zimmer & Jermy, 1995; Prado & Lellinger, 2002; Prado & Smith, 2002; Mickel & Smith, 2004; Prado, 2006) . Similarly, visible epidermal 'spicular' cells were cited as a distinguishing character in the protologue of Cheilanthes spiculatum Mickel (Mickel & Smith, 2004) . Unfortunately, these studies did not employ a histological test to confirm that the cell contents are in fact silica, leaving the identity of spicular cells and idioblasts ambiguous and potentially confused with collenchymatous structures which are usually referred to as 'false veins' or 'pseudoveins,' in the literature (e.g. Asplenium L., Chaerle & Viane, 2004 and references therein). Recently, Kao et al. (2008) employed histochemical staining and scanning electron microscopy (SEM) with energy dispersive X-ray spectrometry (EDS) in Pteris grevilleana Wall. ex J.Agardh to confirm that Wagner's idioblasts are indeed silica bodies. Thus, both directly and indirectly, a body of work has grown supporting the idea that silica bodies are valuable for distinguishing species and genera. However, the question of whether all 'spicular cells' and 'venuloid idioblasts' are in fact composed of silica remains to be addressed. Moreover, it is not clear whether silica bodies are present in plants when they cannot be seen because they are obscured by other tissues in the leaf. Rigorous histology and increased taxon sampling are needed to address these questions and to determine the distribution of silica bodies in Pteridaceae.
Pteridaceae are a large cosmopolitan family that inhabit a broad spectrum of habitats from mangroves at sea-level to alpine habitats at 5000 m (Prado et al., 2007) . With 950 species distributed in c. 50 genera (Smith et al., 2006) , the family constitutes about 10% of the extant diversity within leptosporangiate ferns (Schuettpelz et al., 2007) and exhibits a wide breadth of morphological diversity and growth habit. Pteridaceae include both very large ferns (e.g. Acrostichum L.) and some of the smallest (e.g. Hecistopteris, Monogramma) and they inhabit a wide range of ecological habitats including aquatic, terrestrial and epiphytic (Tryon et al., 1990) .
There are three morphological characters that may act as synapomorphies for the family: x = 30, the loss of a true indusium and having sporangia spread along the veins or submarginal commissure, but these remain to be examined thoroughly. Several molecular phylogenetic studies supported the monophyly of Pteridaceae (Hasebe et al., 1995; Gastony & Rollo, 1995; Zhang, Zhang & Chen, 2005; Prado et al., 2007; Schuettpelz et al., 2007) , and two (Prado et al., 2007; Schuettpelz et al., 2007) resolved five major monophyletic clades within the family: a cryptogrammatoid clade (three genera/23 spp.), a ceratopteridoid clade (two genera/six spp.), a pteridoid clade (17 genera/400 spp.), an adiantoid clade (12 genera/300 spp.) and a cheilanthoid clade (20 genera/400 spp.). Morphological character support for these clades is lacking. Furthermore, the circumscription of genera is particularly problematic, with several genera known to be para-or polyphyletic (e.g. Cheilanthes Sw., Doryopteris J.Sm., Jamesonia Hook. & Grev., Pellaea Link, Notholaena R.Br., Pteris) (Gastony & Rollo, 1995; Sanchez-Baracaldo, 2004; Schuettpelz et al., 2007; Rothfels et al., 2008) , suggesting that a re-evaluation of morphological characters will be crucial to circumscribe and distinguish monophyletic genera satisfactorily. To this end, the distribution of silica bodies is investigated as a novel source of character data for this morphologically heterogeneous family of ferns.
MATERIAL AND METHODS

SAMPLING
The sampling included 148 species representing 39 out of the c. 50 genera of Pteridaceae (Table 1) . Of these, 88 species representing 36 genera were subjected to wet ashing. Species not subjected to wet ashing were examined with a dissecting microscope. Each of the five major clades (sensu Schuettpelz et al., 2007) within the family was represented. Sampling was directed toward the adiantoid ferns in which a high incidence of silica bodies has been recorded. Seven of the 11 adiantoid genera were sampled and, within the genus Adiantum, 33 of the c. 200 species were subjected to wet ashing. An additional 32 species SILICA BODIES IN PTERIDACEAE (PTERIDOPHYTA) 423 of Adiantum and 27 vittarioid ferns were examined with the dissecting microscope. Samples of Adiantum included both species with and without visible 'venuloid idioblasts' (sensu Prado & Lellinger, 2002; Prado & Smith, 2002; Prado, 2006) . Among pteridoid ferns, 13 of the 17 genera were sampled, including eight species of the polyphyletic genus Pteris. Within Pteris, two of the species studied by Wagner (1978) were included to verify the identity of his 'venuloid idioblasts' as silica bodies. Sampling among cryptogrammatoid ferns included Cryptogramma R.Br. and Llavea Lag., two of the three genera. Both ceratopteridoid genera, Acrostichum and Ceratopteris Brongn., were sampled. Among cheilanthoid ferns, 20 species representing 12 out of the 20 currently recognized genera were sampled. All vouchers are housed at NY (Table 1) .
WET ASHING Silica bodies were extracted from leaf fragments that had been removed from herbarium specimens. Samples included a few square centimetres of laminar tissue, including veins, costae and leaf margins. Methods for wet ashing followed Piperno (1988) using sulphuric acid followed by chromium trioxide, or 30% hydrogen peroxide (H 202) , and a rinse in hydrogen chloride (HCl) to remove any carbonates. Silica bodies were transferred to a vial of 70% ethanol for permanent storage. This method removes all plant tissues except silica, eliminating possible confusion of silica bodies with either calcium carbonate or calcium oxalate crystals. Consequently, the position of silica bodies within the leaf is lost and must be determined separately.
POSITION
After the presence of silica bodies was diagnosed through wet ashing, these same structures could often be relocated on live plants and herbarium specimens using a binocular dissecting microscope. This was attempted for the specimens used in this study. When present between the veins in the lamina, silica bodies were easily discernible at 60¥ magnification. In both living and dried leaves, intervenal silica bodies appeared either as dark or lustrous prominulous striations in the lamina surface. In dried laminae they often appear as prominulous striations between the veins; the drying and shrinking of surrounding tissue accentuates their presence. Silica bodies that have been determined to be present by wet ashing, but which are not intervenal, cannot be seen with a dissecting microscope. These are likely above the veins of the leaf as demonstrated by Graçano et al. (2001) , but anatomical study is needed to determine their position. Consequently, silica body position is determined here simply as intervenal or not intervenal and it should not be assumed that plants with The presence and position of epidermal silica bodies was scored as present or absent and optimized onto the three-gene phylogenetic tree of Schuettpelz et al. (2007) using Farris optimization (Farris, 1970) , a parsimony algorithm for ordered state characters. Presence was determined either by wet ashing or visual inspection, whereas absence was determined only from the results of wet ashing. Position, interpreted as a binary character, was scored as being either intervenal or not, as determined by visual inspection. All characters were scored from specimens except those for Rheopteris cheesmanii Alston, which were determined from the literature (Kramer, 1990) . Two characters were coded as follows:
1. Epidermal silica bodies (0) absent (1) present. 2. Position of silica bodies in lamina (0) not intervenal (1) intervenal.
RESULTS
Silica bodies were generally indurate, elongate, several times longer than wide (90-1320 ¥ 5-40 mm), with either smooth or undulate sides, flat or slightly canaliculate upper surfaces, flat or rounded lower surfaces and acute or blunt apices (Figs 1-3 ). Silica bodies were singular (Fig. 1B-L) or consisted of a few bodies joined together end to end or side by side forming sheets (Fig. 1A, Fig. 2B , E, G, Fig. 3B, C) . Some of the thinner silica bodies became fragmented during the digestion and recovery process, obscuring the details of size and shape. Silicified 2-and 3-celled hairs were also recovered in Adiantum hispidulum Sw. Occasionally, some plant silica was also recovered that appeared to be from leaf parenchyma or vascular tissue, which was outside the scope of this study. Silica bodies were confirmed to be present and to occur between the veins in the laminae for 60 species by visual inspection (see also Supporting Information, Appendix); 55 of these species were not subjected to wet ashing. Of the samples subjected to wet ashing, silica bodies could be seen in 21 species. In other cases, the position of the silica bodies in the lamina could not be determined from herbarium specimens.
Epidermal silica bodies were absent in the cryptogrammatoid and ceratopteridoid clades but recovered by wet ashing in 51 out of the 88 species representing the following taxa: cheilanthoid (Aspidotis (Nutt. ex Hook.) Copel., Mildella Trevis.), pteridoid (Actiniopteris Link, Afropteris, Onychium Kaulf., Pityrogramma Link, Pteris, Pterozonium Fée) and vittarioid (Adiantum, Ananthacorus, Anetium, Antrophytum, Hecistopteris, Polytaenium, Scoliosorus, Vittaria) ( Table 1) .
ADIANTOID CLADE
Silica bodies were recovered in 37 of the 41 adiantoid ferns that were subjected to wet ashing (Table 1) . They are present in all of the sampled vittarioid ferns and absent in only five species of Adiantum. Silica bodies of Adiantum ranged 160-1320 ¥ 12-40 mm and were elongate, with sinuately lobed or shallowly sinuate-lobed sides. In most cases the silica bodies were singular, but in A. raddianum C.Presl (Fig. 1A) several silica bodies are joined side by side along the long axis. Silica bodies could be seen occurring between the veins on herbarium specimens in 37 species (see also Supporting Information, Appendix), of which A. caryotideum H.Christ, A. macrophyllum Sw. (Fig. 1B) , A. tetraphyllum Humb. & Bonpl. ex Willd., A. tomentosum Klotzsch, A. venustum D.Don and A. vogellii Mett. ex Keys were also examined subjected to wet ashing. In the remaining species of Adiantum, silica bodies could not clearly be seen in the lamina tissue of herbarium specimens.
Silica bodies of the vittarioid ferns ( Fig. 1E -G, I-L) varied in length from 175 to 1230 mm and had sinuately lobed or shallowly lobed sides. They were recovered in all samples subjected to wet ashing. Vittarioid taxa included in this study have silica bodies occurring between the veins on both sides of the lamina. However, sometimes silica bodies are restricted toward the edge of the lamina, on the adaxial surface, in Polytaenium guayanense (Hieron.) Alston (Fig. 1J) , and on both surfaces in Scoliosorus ensiformis (Hook.) T. Moore (Fig. 1G) . Silica bodies were observed in the lamina of herbarium specimens in an additional 28 species (see also Supporting Information, Appendix).
Although Ogura (1972: 395) reported that silica bodies were absent from Monogramma, they are clearly visible in herbarium specimens (see also Supporting Information, Appendix). Thus, it appears that silica bodies are present in all genera of vittarioid ferns.
PTERIDOID CLADE
Silica bodies were recovered in Afropteris, Actiniopteris, Onychium, Pityrogramma, Pterozonium and some species of Pteris. Silica bodies of Afropteris repens Alston (Fig. 2F ) measured 176-660 mm long and had undulate sides with deep sinuses. These were clearly visible on herbarium specimens as lines that occur between veins on both sides of the lamina, along the margin of the lamina and along veins on the abaxial surface.
Silica bodies recovered from Onychium japonicum Blume (Fig. 2C) and O. siliculosum (Desv.) C.Chr. were elongate, up to 620 mm long, with undulate sides. The position of silica bodies within the epidermis could not be determined with the methods used. Actiniopteris australis Link (Fig. 2G) yielded groups of elongate silica bodies, joined side by side and end to end, with either flat or papillate surfaces. In herbarium specimens, the epidermis of this species appears uniformly shiny and striate on green leaves, or whitish and opaque on dead or senescent leaves, but individual silica bodies could not be distinguished.
Pityrogramma austroamericana Domin (c. 630 mm long), P. calomelanos (L.) Link (Fig. 2E ) (c. 430 mm long), P. ebenea (L.) Proctor (c. 200 mm long) and P. trifoliata (L.) R.M.Tryon ( Fig. 2B ) (c. 270 mm long) have elongate silica bodies joined side by side and end to end, with smooth or slightly irregular sides and blunt apices. These were also joined to nondiagnostic, thin, jigsaw-puzzle-shaped epidermal silica (as described by Piperno, 2006: 42) . Leaf surfaces of Pityrogramma appear shiny and striate in herbarium specimens, but individual silica bodies could not be distinguished.
Within Pteris, silica bodies were found in P. ryukyuensis Tagawa ( Fig. 2A) (450 mm) and P. multifida Poir. (Fig. 2D ) (360 mm), but not in P. arborea L., P. argyraea T.Moore, P. propinqua J.Agardh, P. quadriaurita Retz., P. tremula R.Br. or P. vittata L. Silica bodies of P. ryukyuensis and P. multifida have denticulate sides and blunt apices. Some silica bodies of P. ryukyuensis were attached to thin, nondescript jigsaw-shaped epidermal silica (Fig. 2A) . In both of these species, the silica bodies were visible in herbarium specimens between veins and along the pale and scarious leaf margin.
Silica bodies were absent from the other pteridoid taxa that were sampled (Anogramma leptophylla (L.) Link, Anopteris hexagona (L.) C.Chr., Eriosorus hispidulus (Kunze) Vareschi, Austrogramme decipiens (Mett.) Hennipman, Jamesonia verticalis Kunze and Platyzoma microphylla R.Br.).
CHEILANTHOID CLADE
Epidermal silica bodies were recovered in Mildella intramarginalis (Kaulf. ex Link) Trevis., Aspidotis californica (Hook.) Nuttall ex Copel. and A. densa (Brack) Lellinger. Silica bodies of M. intramarginalis (Fig. 3A) were elongate, 500-600 mm long, with undulate or entire margins. Those of Aspidotis californica and A. densa were joined together end to end and side by side but of two distinctly different types, one thin and smooth sided (Fig. 3B) , the second thick with shallowly sinuate sides (Fig. 3C) . On herbarium specimens, these silica bodies were located on the abaxial side of the leaf, below the veins and along margins of sterile leaf segments. Silica bodies were not found in Adiantopsis radiata (L. 
DISCUSSION
Silica bodies were recovered in all of the species where previously termed 'idioblasts,' 'venuloid idioblasts' or 'spicular cells' could be seen in the lamina of herbarium specimens, confirming that these variously termed epidermal structures are in fact plant silica. Silica bodies were also recovered in some species where they could not be seen and were not anticipated, demonstrating that our assumptions about their absence in some species of Pteridaceae were incorrect and that the complete distribution of silica bodies cannot be determined by studying herbarium specimens alone.
Optimization determines the hypothesis which best describes the data under the given criteria (Schuh, 2000) . Here, silica characters are not tested against the other characters and not used to influence the topology, but simply mapped to reveal the most parsimonious hypothesis given our understanding of the phylogeny using molecular data. Based on the phylogenetic analysis of Schuettpelz et al. (2007) , epidermal silica bodies have evolved at least three times in Pteridaceae (Fig. 4) . Their presence acts as a synapomorphy for the adiantoid ferns ( Fig. 4 ; as 'adiantoid clade'), thus filling a critical gap in knowledge, as no morphological character has been previously demonstrated to unite these two clades. Silica bodies also act as a synapomorphy uniting several smaller clades of pteridoid ferns, in particular Pityrogramma, and the clade including the sister genera Actiniopteris and Onychium. Additional origins of the character are anticipated, given that some taxa found here to have silica bodies, such as Aspidotis and Mildella, are not included in that analysis. Furthermore, the character would become more homoplastic among pteridoid ferns when optimized on trees that more densely sample that clade, such as Prado et al. (2007) or the rbcL-only tree of Schuettpelz et al. (2007) .
The position of silica bodies, interpreted here as whether they occur between veins of the leaf or not, provides a second set of character data. Whereas the presence of silica bodies appears once in adiantoid ferns, the presence of silica bodies between veins occurs twice in that clade (Fig. 4) . Silica bodies also Schuettpelz et al. (2007) . Numbers in parentheses after each terminal are characters states for each of the two characters scored. Presence of silica bodies is indicated by thickened branches. The presence of silica bodies occurring between the veins of the leaf is indicated by the boxes. Taxa in parentheses are placed on the tree based on their position in the single gene (rbcL) analysis of Schuettpelz et al. (2007) . Taxa in grey were not examined in this study.
occur between the veins of Pteris multifida. In retrospect, the distribution of this character is equivalent to our assumptions about the presence of silica bodies in Pteridaceae prior to this study.
Morphology of silica bodies appears to differ between lineages within Pteridaceae and may be an additional source of character data. The adiantoid ferns (Fig. 1A-L) can be distinguished from most other Pteridaceae ( Fig. 2A-G, Fig. 3A-C ) by silica bodies with elliptical shape, tapered ends and undulate sides. Pteridoid ferns generally have blunt ends and sides that are smooth, denticulate sparsely denticulate or shallowly lobed. The only known exception is Afropteris repens, which has deeply sinuately lobed sides that appear more similar to silica bodies of the adiantoid lineage. Silica bodies in cheilanthoid ferns are diverse and cannot be easily generalized at this time.
ADIANTOID CLADE
Comprising 12 genera and c. 300 species, the adiantoid ferns are a monophyletic group that includes Adiantum plus the 11 genera of vittarioid ferns which have been frequently treated at the family level as Vittariaceae. The presence of silica bodies in the vittarioid ferns has been noted by numerous authors dating back at least to Benedict (1911) . Likewise, the similarity between silica bodies in Adiantum and those of the vittarioid ferns has been noted by several authors, but until now this has been considered homoplastic (Nayar, 1962; Wagner, 1978; Tryon & Tryon, 1982; Kao et al., 2008; ) . The failure to acknowledge silica bodies as a synapomorphy for this clade is probably because of two long-standing misconceptions: (1) that Adiantum is not closely related to the vittarioid ferns; and (2) that silica bodies are not widespread throughout Adiantum. Results here indicate that silica bodies are widespread in Adiantum, even in species where they are hard to see on the lamina surface (e.g. A. capillus-veneris L.) . In such species, the silica bodies are probably located above the veins as demonstrated by Graçano et al. (2001) in Adiantum curvatum Kaulf., A. papillosum Handro and A. subcordatum Sw.
Within Adiantum, silica bodies are highly uniform, with most species exhibiting elongate, linear silica bodies with sinuately lobed sides (Fig. 1A-E) . A few species, such as A. krameri B.Zimmer (Fig. 1H ) have shorter silica bodies and shallow lobes. Silica bodies of their sister group, the vittarioid ferns, are generally shorter and exhibit more variation (Fig. 1G, I -L), but those of Hecistopteris pumila (Spreng.) J.Sm. (Fig. 1F ) are elongate and indistinguishable from the silica bodies of most Adiantum species. Thus, adiantoid ferns have silica bodies that can be distinguished as a group by their characteristics.
The position of silica bodies offers an additional synapomorphy for the vittarioid genera as well as a clade within Adiantum (Fig. 4) . Silica bodies were present between veins in all of the vittarioid species examined. In Adiantum they are either present between veins or else presumably above the veins, as demonstrated for the few species subject to anatomical studies (Poirault, 1893; Graçano et al., 2001) .
PTERIDOID CLADE
The pteridoid ferns are a monophyletic lineage that comprises c. 400 species in approximately 17 genera. Much of that diversity resides in Pteris, a polyphyletic genus of c. 250 species (Schuettpelz et al., 2007) . Silica bodies were found in P. ryukyuensis ( Fig. 2A) and P. multifida (Fig. 2E ), but not in P. arborea, P. argyraea, P. propinqua, P. quadriaurita, P. tremula or P. vittata. Both P. ryukuensis and P. multifida were previously cited by Wagner (1978) as having 'venuloid idioblasts.' Wagner also cited P. angustipinnata Tagawa, P. cadieri H.Christ, P. grevilleana, P. kidoi Kurata and P. yamatensis Tagawa as bearing 'venuloid idioblasts.' These same species were recognized previously as an informal species group by Shieh (1966) under the name 'subsection 2. cadieri'. Whether these species constitute a monophyletic group within Pteris should be investigated further. Pteris cretica, which was not sampled here, is resolved as sister to P. multifida in the analysis of Schuettpelz et al. (2007) . Herbarium specimens of P. cretica L. do not appear to have silica bodies and were placed in a different subsection by Shieh (1966) .
The remainder of Pteris will require additional sampling to determine the systematic implications of silica bodies. Graçano et al. (2001) reported 'idioblasts' as present in P. denticulata Sw. and P. leptophylla Sw. They also reported them absent in P. propinqua, which is in agreement with the results presented here. Silica bodies were absent in Neurocallis praestantissima Bory ex Fée, a monotypic genus nested within Pteris (Schuettpelz et al., 2007) and they were present in Afropteris, which formed a clade with Pteris in the analysis of Sanchez-Baracaldo (2004) .
Actiniopteris is resolved as sister to Onychium in several molecular phylogenetic studies (Gastony & Johnson, 2001; Prado et al., 2007; Schuettpelz et al., 2007) . Although silica bodies are present in samples subjected to wet ashing, they could not be located in herbarium specimens of these genera. The epidermis of all species in both genera is thick and lustrous, which may be because of the presence of silica, but anatomical work is needed to determine this.
SILICA BODIES IN PTERIDACEAE (PTERIDOPHYTA) 431
Pityrogramma is a genus of c. 19 species. All four of the species studied here had silica bodies. Graçano et al. (2001) also reported 'idioblasts' in Pityrogramma calomelanos residing over the veins of the leaf. Pityrogramma is resolved as sister to a portion of the polyphyletic genus Anogramma in the analysis of Schuettpelz et al. (2007) . Anogramma leptophylla was included here and found to lack epidermal silica bodies.
Silica bodies were absent from the other pteridoid ferns that were sampled, including Anopteris hexagona, Eriosorus hispidulus, Austrogramme decipiens and Platyzoma microphylla. When presence and absence of epidermal silica are optimized onto the phylogenetic tree of Schuettpelz et al. (2007) , the presence of silica bodies evolves two times within this clade, but taxon sampling needs to be considered when making this calculation. More densely sampled phylogenetic trees, such as the rbcL-only tree presented in Schuettpelz et al. (2007) which includes taxa not sampled here, and additional taxa found here that lack silica bodies (Anogramma lepotophylla), suggest that additional gains and losses are likely to have occurred within the pteridoid clade.
CHEILANTHOID CLADE
Cheilanthoid ferns comprise c. 400 species distributed among approximately 20 genera, several of which are in need of re-circumscription. Among the 14 cheilanthoid ferns sampled here, epidermal silica bodies were recovered in Mildella intramarginalis, Aspidotis californica and A. densa.
On herbarium specimens of Mildella intramarginalis, silica bodies can be found on the abaxial side of the leaf, above the veins. They also appear to be present along margins of sterile leaf segments, suggesting that the 'scarious leaf margin' used to define Mildella by Hall & Lellinger (1967) may in fact be scarious because it is silicified. Mickel & Smith (2004) suggested that the New World species of Mildella are related to the Cheilanthes angustifolia complex based on shared characters including 'prominulous veins,' but silica bodies were not recovered from C. angustifolia in this study.
Aspidotis is a tropical American genus of approximately seven species (Tryon et al., 1990) , the monophyly of which has not been tested in a phylogenetic analysis. Herbarium specimens examined of both species, and those of A. meifolia D.C.Eaton, have laminae with a lustrous and striate adaxial surface. This was also noted by Lellinger (1968) , who used that character as evidence to segregate the genus from Cheilanthes. The results presented here suggest that epidermal silica may be responsible for the lustre of these laminae.
CONCLUSIONS
All previous records of silica bodies and venuloid idioblasts were confirmed by the results of this study, corroborating our assumptions regarding the presence of silica bodies. In contrast, assumptions regarding the absence of silica bodies were incorrect; in many species of Adiantum, for example, silica bodies are present but cannot be seen without wet ashing. In these cases, wet ashing is helpful to detect their presence. From the survey conducted here, certain taxonomic implications can be drawn. Ceratopteridoid or cryptogrammatoid ferns appear to lack silica bodies. The presence of silica bodies is a potential synapomorphy for the adiantoid ferns, several smaller clades of pteridoid ferns, including Pityrogramma and the sister group of Actiniopteris and Onychium. They are present in the cheilanthoid ferns and should be investigated as possible synapomorphies for Aspidotis and Mildella. Morphological characters of silica bodies may also be a rich source of character data, particularly if discrete character states can be determined.
